Cognitive and emotional problems in patients after cerebral meningioma surgery van der Vossen, Sanne; Schepers, Vera P. M.; van der Sprenkel, Jan Willem Berkelbach; Visser-Meily, Johanna M. A.; Post, Marcel W.M. Take-down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. Overall, 40% of patients experienced cognitive and/or emotional problems. Thirty-one patients (23%) experienced cognitive complaints, 39 (29%) showed anxiety, and 31 (23%) showed depressive symptoms. Country of birth and previous depression/burn-out were the most important factors. Scores on all outcome measures were related to each other. Conclusion: Forty percent of patients experienced cognitive or emotional problems following surgery for a cerebral meningioma. Screening for these problems is therefore important in order to provide patients with the care they require as soon as possible.
INTRODUCTION
Meningiomas are tumours arising from the meninges. The majority of meningiomas are classified as benign (98%) (1) and meningiomas account for 13-26% of all intracranial tumours (2) . Dependent on various factors, treatment can consist of (a combination of) surgical excision, radiotherapy, endovascular treatment or conservative management (2) . Three-and 5-year survival rates are high (70-93%) (3, 4) . Therefore, understanding of long-term morbidity due to (treatment of) meningiomas is of increasing importance as it may impair the long-term quality of life of patients.
Previous studies have shown that patients with a meningioma often experience post-operative problems in different cognitive areas. Neuropsychological testing has revealed problems in attention, memory functions, executive functioning and processing speed (5) (6) (7) (8) (9) . The timing of neuropsychological assessment in these studies varied widely, from 12 weeks to 3.4 years post-operation. Most studies carried out neuropsychological examination only after surgery (7) (8) (9) . Two studies assessed both pre-and post-operative neuropsychological functioning (5, 6) . These studies showed that neuropsychological impairments found before brain surgery can diminish after the procedure, but do not completely subside (5, 6) .
All available studies explored cognitive functioning using neuropsychological examination. None of the available studies reported on experienced cognitive complaints. Studies in other diagnostic groups have shown discrepancies between experienced cognitive complaints and findings of neuropsychological tests. These studies also frequently found experienced cognitive complaints to be more widespread than impairments on neuropsychological assessment (10) (11) (12) (13) (14) . These problems can adversely affect daily life, thus it is important to increase our knowledge of the cognitive complaints experienced after surgery for cerebral meningioma.
Little is known about the presence of anxiety and depressive symptoms in patients who have undergone surgery for a meningioma. A previous study showed that psychological disturbances are present in 44% of patients (15) . However, another study showed no difference on the Short Form-36 (SF-36) mental health score between patients after meningioma resection and healthy controls (9) . In order to be able to make useful recommendations for improving medical care after a cerebral meningioma operation it is important to gain further insight into the experienced cognitive and emotional consequences of an operation in this patient group. It is known that experienced cognitive complaints, anxiety, and depressive symptoms are closely related (14, (16) (17) (18) (19) (20) . Therefore, it is important to focus on both of these factors after an operation for a meningioma.
CogNITIve AND emoTIoNAL ProbLemS IN PATIeNTS AFTer CerebrAL meNINgIomA SUrgerY
The objectives of this study are: first, to examine the presence of long-term experienced cognitive complaints, anxiety and depressive symptoms in patients who have undergone surgery for a cerebral meningioma; and, secondly, to examine associations between demographic and medical factors and cognitive and emotional problems in order to identify subgroups of patients who are at risk of developing these problems.
meTHoDS

Subjects
The study group consisted of all patients operated on for a cerebral meningioma in the University medical Center Utrecht (UmCU) between January 2007 and December 2009. Inclusion criteria were: age ≥ 18 years and sufficient knowledge of the Dutch language to complete the questionnaires.
Procedure
Contact addresses were retrieved from the hospital database and checked. Information about the study, informed consent forms, and the study questionnaire were sent to all patients known to have survived. Patients were asked to complete and return the questionnaire and informed consent form if they agreed to participate. Several weeks after the initial mailing, a reminder was sent to all patients who had not returned the questionnaire. medical files were searched for data about the meningioma and comorbidities. The study design was approved by the medical ethics committee of UmCU.
Assessment
The study questionnaire included general questions about demographic characteristics, such as age, gender, country of birth, education level, marital status, and employment status before and after the operation. In addition, questions about medical information, such as comorbidities, according to an extensive list of possible comorbidities (21) , and care characteristics, such as discharge destination and possible rehabilitation care, were systematically asked. rehabilitation care was defined as inpatient or outpatient multidisciplinary treatment, coordinated by a rehabilitation physician.
The Cognitive Failures Questionnaire (CFQ) and the Hospital Anxiety and Depression Scale (HADS) were part of the study questionnaire. The CFQ measures everyday cognitive functioning (22) . It consists of 25 items on experienced failures in 3 domains: perception, motor function and memory. All items are scored between 0 (never) and 4 (very often). A higher total score indicates worse perceived cognitive functioning. The psychometric properties of the Dutch translation of the CFQ are good, with a test-retest stability of 0.83 and Cronbach's alphas of 0.75 and 0.81 (23) .
The HADS is a screening instrument for the presence of anxiety or depressive states (24, 25) . It consists of 14 questions, 7 about anxiety and 7 about depression. each answer is scored between 0 and 3, thus both subscores can vary between 0 and 21. Higher scores indicate greater emotional problems. Satisfactory to good psychometric qualities of the HADS in a Dutch population have been found (25) . medical files were searched to complete the information regarding comorbidities. In addition, information about the meningioma was searched in the medical files: location of meningioma, World Health organization (WHo) grade (26) , completeness of resection, neurological deficits after operation, postoperative radiotherapy, and post-operative course.
Statistical analysis
SPSS version 18.0 was used for all analyses. Patients were excluded from the analyses if they had more than 7 missing values on the CFQ. A maximum of one missing value per subscore of the HADS was allowed. The study population, meningioma and operation characteristics were reported using descriptive statistics. Age was dichotomized, with the mean age of participants as cut-off value. educational level was classified according to the Dutch classification system, where 1 means that the patient only underwent primary education, and 5 means they underwent higher vocational or university education. This score was dichotomized as lower education (1-3) and higher education (4) (5) .
The outcome measures were also dichotomized. The mean and standard deviation (SD) of the CFQ scores in two general population studies were used to estimate the general population mean of the CFQ score (32.5) and SD (11) (27, 28) . The cut-off point for cognitive problems was set at 1 SD above the population mean (43.5) to indicate that the presence of cognitive complaints is more than one would expect.
For both subscores of the HADS the established cut-off point of 8 or higher was used to indicate the presence of anxiety or depressive symptoms. With this cut-off point an optimal balance between sensitivity and specificity is achieved (29) .
bivariate relationships were calculated in order to gain insight into the possible factors that influence the different outcome measures. either Fisher's exact tests (factors with two groups) or Pearson χ 2 tests (factors with 3 or more groups) were used. Spearman's correlation coefficients were used to assess the correlations between the different outcome measures. The interpretation of correlation coefficients was carried out according to the guidelines of Cohen (30) . Correlations below 0.30 were interpreted as weak, and correlations of 0.50 or higher were interpreted as strong. A p-value < 0.05 was considered statistically significant. As patients who were not born in the Netherlands had deviant scores on the outcome measures, all statistics were also calculated without these patients in order to check for distortion. When calculating the relationship between the factor location of meningioma and the outcome measures, the groups "intraventricular meningioma" and "meningioma on multiple locations" were not taken into account as these groups were too small and as a result could distort the findings.
reSULTS
Study population
A total of 194 patients underwent surgery for a meningioma in UmCU between January 2007 and December 2009. Twelve patients died and the contact details of 3 patients were missing. The remaining 179 patients were invited to participate in the study. A total of 136 patients (76.0%) agreed and completed the questionnaire. No significant differences were found between participants and non-participants concerning personal, meningioma and care characteristics (Table I) .
of the 136 patients included in this study, 106 (78%) were female. mean time since resection was 32.6 months (SD 10.6 months) and, in the majority of patients, the meningioma was located either in convexity, anterior or middle cranial fossa. Ninety-six patients (71%) had undergone complete resection of the meningioma, and 21 had had post-operative radiotherapy. After the operation 58 patients (43%) were discharged without rehabilitation care, all other patients received outpatient rehabilitation or were discharged to a rehabilitation centre or nursing home (Table I) .
Cognitive and emotional problems
The median scores and percentages of patients who scored above the cut-off score on both the CFQ and the HADS are shown in Table II . The two items on the CFQ with the highest scores were "How often do you forget people's names?" and "How often do you fail to find a word when it is on the tip of your tongue?". (Tables III and IV) Personal characteristics. Country of birth was significantly related to the CFQ and HADS depression scores. Patients who were not born in the Netherlands had higher scores on both measures. The p-value of the relationship between country of birth and HADS anxiety was just above the significance level. Additional analyses showed that the relatively high scores of this subgroup of patients were not due to outliers. Patients with a depression or burn-out in their medical history scored more frequently above the cut-off on all 3 outcome measures than patients without depression or burn-out in their medical history. Patients who, due to health problems, were not employed after the operation scored more frequently above the cut-off on the HADS depression scale than patients who were employed or not employed for reasons other than health problems. (7) 43 (32) 16 (12) 1 (1) 0 (0) 22 (51) 5 (12) 10 (23) 5 (12) 0 (0) Medical and care characteristics. The presence of epilepsy was related to a score above the cut-off on the HADS depression scale. Destination and possible rehabilitation care after discharge were significantly related to a score above the cutoff on the CFQ. Patients who were discharged with outpatient rehabilitation care scored above the cut-off more often than other patient groups. Time since resection was not related to a score above the cut-off on one of the outcome measures. Without the patients who were born outside the Netherlands, the presence of complications was significantly (p-value 0.041) related to the HADS anxiety subscale.
Factors associated with cognitive complaints and anxiety or depressive symptoms and their mutual relationships
Mutual relationships between different outcome measures.
Forty percent of patients scored above the cut-off for either cognitive or emotional problems, or both.
All outcome measures showed moderate to strong relationships with each other, with correlation coefficients between 0.481 and 0.623 (p-value for all comparisons < 0.01) ( Table  Iv) . of all patients who scored above the cut-off on the CFQ, 58.6% also scored above the cut-off on the HADS depression scale and 72.4% scored above the cut-off on the anxiety subscale. of the people who scored above the cut-off on the depression scale, 71.0% also scored above the cut-off on the anxiety scale. However, of the patients who scored above the cut-off on the anxiety subscale, 56.4% scored above the cut-off on the depression subscale.
DISCUSSIoN
Approximately 40% of patients in this study had either cognitive or emotional complaints at a mean time of 32 months after surgery for an intracranial meningioma. Twenty-three percent of patients had subjective cognitive complaints, 23% had depressive symptoms, and 29% anxiety problems. The most important factors associated with subjective cognitive complaints or emotional disturbances were country of birth and presence of depression or burn-out in the medical history. emotional and cognitive complaints were related to each other. This is the first study to focus on subjective cognitive complaints in patients operated on for cerebral meningioma. Previous studies used neuropsychological tests and demonstrated the presence of cognitive impairments after brain surgery for a meningioma (5) (6) (7) (8) (9) . Studies in other patient populations (traumatic brain injury, epilepsy, cerebrovascular accident) have shown that subjective cognitive complaints are often more extensive than impairments on neuropsychological tests (10) (11) (12) (13) (14) . Subjective cognitive complaints are more strongly related to patients' health-related quality of life than cognitive impairments (31, 32) . For these reasons, this study focused on experienced cognitive complaints rather than cognitive impairments in neuropsychological assessment. The median CFQ score of this study population was 28.0, which is better than the score of general population (CFQ mean scores varying between 29.0 and 42.6) (16, 18, 23, 28) or other diagnostic groups, such as patients with depressive symptoms (CFQ mean score 59.4) (16) and patients after subarachnoid haemorrhage (mean CFQ score, respectively, 36.8 and 36.7) (32, 33 ). Yet it is worse than mean CFQ scores found in stroke survivors (CFQ mean score in two different treatment groups 23.5 and 28.0) (34) . Twenty-three percent of the patients scored above the CFQ cut-off point set in this study, which is only slightly above the expected 15.6% of persons in the general population scoring above the cut-off of 1 SD above the mean. The results of this study therefore show that the prevalence of poorly experienced cognitive functioning was low, which is in contrast to the results of studies reporting neuropsychological impairments (6-9).
There are various possible explanations for this relatively low percentage of subjective cognitive complaints. As the patients were invited to participate in the study at a mean of 32.6 months after the operation, they had already been functioning with the possible cognitive side-effects of the operation for a long period of time. Patients may adopt specific compensatory strategies in daily life in order to minimize the effects of these cognitive complaints; thus, they may become less aware of the problems. In addition, the presence of pre-operative cognitive complaints can play a role. Previous studies have shown marked impairments on preoperative neuropsychological assessment with no deterioration in cognitive functions post operatively and improvement in certain areas (5, 6) . As a result of the preoperative impairments, patients may rate their cognitive functioning postoperatively as improved regardless of certain persistent cognitive impairments. A final explanation could be a lack of insight of the patient into his or her own cognitive functioning. In other patient groups discrepancies between the perceived impairments of patients and their carers have been reported (35, 36) . However, other studies found patients with brain injuries to have more cognitive complaints than expected based on the results of neuropsychological tests (14, 19) .
Anxiety and depressive symptoms were present in approximately one-quarter of our study population. other studies have shown different results; one study found such symptoms in 44% of patients (15) , and another study found no differences between patients after meningioma resection and healthy controls (9) .
In the literature on other brain disorders (e.g. in patients after subarachnoid haemorrhage and stroke) higher percentages of anxiety and depressive symptoms have been found compared with our population (31, 37) .
The CFQ and HADS subscales were correlated to each other. This relationship between subjective cognitive complaints and emotional disturbances is seen in various populations (14, (16) (17) (18) (19) (20) . because this study had a cross-sectional design, it is not possible to establish the direction of this relationship. Other studies show contradictory results. one study of cognitive functioning and depressive symptoms in older people found that more depressive symptoms led to a slight acceleration in cognitive decline; however, this relationship was found only in a subgroup of people (38) . Another study has reported that perceived cognitive difficulties predict a negative course of emotional disturbances, and that this relationship does not exist in the other direction (17) . However, a more dynamic association between cognitive and emotional functioning is also possible (17) . The relationship between cognitive and emotional problems is found in various patient groups. Thus, it can be hypothesized that the experienced cognitive and emotional problems encountered during or after an illness are, at least partly, the result of a more general reaction of the individual to a serious life event.
In this study we also looked for factors associated with cognitive or emotional problems. In order to plan appropriate daily care it is useful to know which groups of patients are at risk of developing certain problems.
Our study found that being born outside the Netherlands is an important factor for experienced cognitive complaints and depressive symptoms. However, the nature of the relationship between country of birth and these problems is difficult to unravel. Although sufficient knowledge of the Dutch language was an inclusion criterion for this study, language problems hindering the completion of questionnaires could still be a factor. In addition, culture could play a role. A previous study showed that cross-cultural differences in the prevalence of different anxiety disorders might reflect true differences in prevalence. Furthermore, it can be questioned whether an instrument measures the same phenomenon in patients with different cultural backgrounds (39) .
Depression or burn-out in a patient's medical history was the most significant factor associated with experienced cognitive complaints. This is consistent with the findings of previous studies, which found associations between depressive or anxiety symptoms and experienced cognitive complaints (14, (16) (17) (18) (19) (20) , and the strong relation between subjective cognitive complaints and emotional problems in this study. Presence of depression or burn-out in a patient's medical history was also the most significant variable associated with the HADS score.
In this study, no association between meningioma or medical treatment characteristics and subjective cognitive functioning or emotional disturbances were found. This is in contrast to the findings of two previous studies, which showed that lateralization was related to cognitive impairment (6, 8) . However, one study included only patients with a frontal meningioma (6) . The other study showed that patients with skull base meningioma had lower performance than patients with convexity meningioma (8) . This association between tumour localization and cognitive functioning was not confirmed in our data. This difference could be due to the smaller number of patients with a frontal meningioma in our study population and the difference in follow-up duration. In addition, this study based the classification of the location of the meningioma on anatomical regions, and not on right or left hemisphere. The reason for this is that the meningioma was frequently not located solely in one hemisphere in our patient population. Furthermore, both other studies used a neuropsychological assessment and no measure of subjective cognitive functioning. In the CFQ no specific cognitive functions are tested. It might thus be more difficult to find a relation between subjective complaints and localization of the tumour than between specific neuropsychological functions tested in a neuropsychological assessment and localization of the tumour. Finally, awareness can play a role in the lack of found associations between meningioma or medical treatment characteristics and cognitive complaints. As CFQ is a self-report questionnaire, awareness of the patient of his or her own cognitive functioning might be an important factor. When using a neuropsychological assessment, awareness is less important for detecting neuropsychological impairments.
Patients who received radiotherapy postoperatively did not have more subjective cognitive complaints, and this is in agreement with the findings on neuropsychological assessment in a previous study (9) . In addition, age was not associated with our outcome measures. This conflicts with an earlier study, which found a decline in cognitive functioning above the age of 55 years after a surgically treated meningioma (7) . employment status after the operation was related to a score above the cut-off on the HADS depression scale. Patients who, due to health problems, were not employed were more likely to show depressive symptoms. A similar relation between employment and psychological complaints is seen in patients with epilepsy (33, 40) .
The presence of epilepsy in patients was also related to depression, which is in agreement with a study showing that 27.8% of the patients with epilepsy had signs of borderline or clinical depression on the HADS (40) .
Patients who were born outside the Netherlands had a relatively high score on the outcome measures. All analyses on both HADS and CFQ were repeated without this group of patients in order to check that they did not distort the findings. When not taking these patients into account, the above-mentioned relationships between different factors, cognitive complaints and emotional problems were still significant, and only two extra associations became significant; namely between the presence of complications after the operation and anxiety and between WHo grade and cognitive complaints.
To our knowledge this is the first study to investigate subjective cognitive and emotional problems in this diagnostic group. other strengths of this study are the size of the study population and the high response rate. However, there are some limitations to our study. The design of this study was cross-sectional; therefore the course of cognitive complaints and mood disturbances was not elucidated. In addition, the relationships we found between the outcomes and possible influencing factors should be interpreted with caution because data on pre-operative cognitive and emotional problems were unavailable. Furthermore, this study used a postal questionnaire, with the risk of response bias. However, there was a high response rate of 76.0% and there were no significant differences between patients who responded and those who did not respond; therefore the risk of meaningful distortion of the data is small.
The cut-off point for the CFQ was defined using data of the general population. We chose to use two studies in the general Dutch population; thus the CFQ values were based on a large population of the same nationality as our study population. It is not unusual to define a cut-off point using the distribution of scores in the general population. However, the validity of this cut-off point to distinguish between "normal" and "abnormal" scores has not yet been established. We nevertheless chose to use a cut-off point because it is advantageous in daily practice to have a clear cut-off above which scores are in a clinical range for which a referral is appropriate.
Another limitation of this study is that it did not take into account physical impairments caused by the meningioma or operation. Physical problems can influence the mood of patients, and indirectly also their experienced cognitive functioning. As a result, this study might have underestimated this factor. A final limitation is that, due to practical considerations, a full neuropsychological examination was not performed. As mentioned above, neuropsychological assessment and subjective cognitive functioning can differ in different patients.
Further research into the relationship between neuropsychological assessment and subjective cognitive functioning, assessed both pre-and post-operatively, would be valuable to further enlighten cognitive functioning and to explore the relationships between objective and subjective cognitive functioning in this group. Ideally, this would be done in a prospective study in which multiple measurements were taken after the operation, in order to investigate the course of cognitive and emotional problems. In addition, possible factors associated with these problems could be explored further in this way in order to find possible prognostic factors for experienced cognitive and emotional problems in this patient group.
The findings of this study may have consequences for the organization of care after surgery for a meningioma. Nearly 40% of the sample scored above the cut-off on the CFQ and/or HADS. This clearly indicates a need for systematic screening of cognitive and emotional problems after an operation for a meningioma. Such screening might help enable the provision of more timely care for patients who experience cognitive or emotional problems. In addition, the relationships found between country of birth and presence of depression or burnout in the medical history may help clinicians to become more aware of patients who are at risk of developing these problems.
